We developed a two-dimensional (2D) finite-element model to simulate the 90-degree-peeling test of hydrogels bonded on solid substrates. As shown in Fig. S13 , a hydrogel strip with length 80 mm and thickness 0.8~6 mm was adhered on a solid substrate, where a portion of the gel strip (30 mm) was initially detached. The deformation of the hydrogel strip was assumed to be under plane-strain condition.
2 where is the strain energy density, the ith principal stretch, the shear modulus (fitted to be 36.57 kPa), and the Ogden parameter (fitted to be 1.473 ). The theoretical model for the Mullins effect can be expressed as
where is a damage variable (0 1), is the strain energy density of perfectly elastic material (i.e., the primary loading path is also the unloading path), denotes the maximum strain energy density before unloading, the function is referred to as the damage function, erf is the error function, and the material parameters r = 1.1, m = 4.076, and β = 0.2818 were obtained by fitting the model to measured stress-strain hysteresis of the PAAm-alginate hydrogel 2 .
The stiff backing was modeled as a linear elastic material with very high Young's modulus (i.e., 2 GPa) and very low thickness (i.e., 100 µm). The cohesive layer on the interface was characterized by a triangular cohesive law with maximum strength Smax and maximum separation distance δmax (Fig. S14b) .
The damage of the cohesive layer follows the quadratic nominal stress criterion, 1 where , represents the nominal stress, and the subscript n and s indicate deformation normal to and tangential to the interface , respectively.
All the numerical simulations were carried out with ABAQUS/Explicit. The hydrogel and stiff backing were modeled with CPE4R element, and the cohesive layer at the interface was modeled with COH2D element. The Poisson's ratio of the hydrogel was set to be 0.499 to approximate incompressibility. The adhesive interface was uniformly discretized with very fine mesh size (0.1 mm).
We also performed simulations with an even finer mesh size (0.05 mm), which gave similar peeling forces and thus verified the mesh insensitivity of our model (Fig. S15) . Mass scaling technique was adopted to maintain a quasi-static process during the peeling simulations. To simulate the peeling test described in the material and experiment section, the left edge of the strip was first rotated 90 degrees and then moved vertically at a constant velocity, with the reaction force on the left edge of the strip recorded.
The interfacial toughness was then calculated as the steady-state reaction force divided by the width of the strip, which is set to be unity in the current model.
To validate the numerical model, we first simulated the peeling process of a pure elastic material without energy dissipation. To prescribe different intrinsic work of adhesion Γ in the cohesive zone, we fixed Smax to be 500 kPa and varied δmax from 0.2 to 1.2 mm. 
SUPPLEMENTARY MOVIE CAPTIONS
Movie S1: The standard 90-degree peeling test for an as-prepared common hydrogel chemically anchored on glass substrate.
Movie S2:
The standard 90-degree peeling test for an as-prepared common or tough hydrogel physically attached on glass substrate.
Movie S3:
The standard 90-degree peeling test for an as-prepared tough hydrogel chemically anchored on glass substrate.
Movie S4:
The standard 90-degree peeling test for a fully swollen tough hydrogel chemically anchored on titanium substrate.
Movie S5:
The process of shattering and consequently deforming a silicon wafer coated with a layer of chemically-anchored tough hydrogel.
Movie S6: Various modes of deformation of four ceramic bars bonded by the flexible and tough hydrogel joints.
Movie S7: An ionic hydrogel chemically anchored on two titanium electrodes is conductive enough to power a LED light even when the hydrogel is under high stretch of 4.5 times, demonstrating that the hydrogel-metal interface is electrically conductive.
Movie S8: Finite-element simulation of the peeling process of the tough hydrogel with energy dissipation (Color indicates energy dissipation per unit area).
Movie S9: Finite-element simulation of the peeling process of a pure elastic hydrogel.
